• gestural repertoire; • the development of gestures;
• the learning of gestures;
• the referential use of gestures; • similarities and differences between the gestures of apes and pre-or justlinguistic human infants.
I will concentrate on studies that might be of most interest to researchers investigating human gestural communication.
PRIMATE GESTURAL COMMUNICATION
To date, studies investigating the gestural communication of primates are very unevenly distributed among species (for an overview, see Tomasello & Call, 2007) and concern mainly apes. There are only a few reports on the use of gestures in monkeys.
Monkeys Kummer (1968) described notifying behavior in Hamadryas baboons (Papio hamadryas) . This behaviour consists of approaching another animal and looking directly into her face and occurs mainly when an individual leaves others in a troop. One possible explanation of this behaviour is that the signaller wants to make sure that the recipient is attending before engaging in certain activities. In addition, Kummer & Kurt (1965) described an auditory 2 gesture, the so called ground-slap that seems to serve as an attention-getter and a kind of teasing behaviour during play. Furthermore, Maestripieri (1997 Maestripieri ( , 1999 Maestripieri ( , 2005 provided a very detailed insight in the gestural behaviour of macaques, focusing on three different species in captivity (Macaca arctoides, M. nemestrina, M. mulatta) . His data showed that rhesus macaques (M. mulatta) have a relatively limited gestural repertoire, pigtail macaques (M. nemestrina) possess conspicuous signals of affiliation and bonding, and stumptail macaques (M. arctoides) have the richest repertoire of assertive and submissive signals. Most similarities among species were found in signals of dominance and submission, and most differences in affiliative gestures and bonding patterns. These results therefore indicate that characteristics of a social structure, such as reduced influence of dominance and kinship, may select along with group size for a wider gestural repertoire in a given species. In addition, Maestripieri (1996) observed a very interesting behaviour between pigtail macaque mothers and their infants: when the infant does not want to follow the mother, the mother sometimes returns and stares in the infant's face (or even pokes the infant).
Apes
The gestural communication of apes has received much more research attention, with the majority of studies focusing on common chimpanzees. Following an ethological approach, Van Lawick-Goodall (1968) and Van Hoof (1973) published the first chimpanzee behavioural repertoires (so-called ethograms). These also included detailed descriptions of communicative and non-communicative behaviours and therefore also many of the communicative gestures that have been observed in later studies in the wild and in captivity. Nishida, Kano, Goodall, McGrew & Nakamura (1999) published the most complete chimpanzee ethogram to date, which includes a comparison with previous ethograms, particularly those developed by Goodall (1986a Goodall ( , 1986b Van Lawick-Goodall, 1968) . In addition, it also includes a comparison with the behaviour of the closest related congener of the chimpanzee, the bonobo (Pan paniscus). Various communicative behaviours of bonobos are mentioned in studies on wild populations at Lomako and Wamba in the Democratic Republic of Congo (e.g., Badrian & Badrian, 1984; Ingmanson, 1996; Kano, 1980; Kuroda, 1980 Kuroda, , 1984 , but only researchers studying captive individuals addressed the use of gestures in more detail (Savage-Rumbaugh & Wilkerson, 1978; SavageRumbaugh, Wilkerson & Bakeman, 1977) . Savage-Rumbaugh and colleagues, for instance, described the use of 20 different gestures in the sexual context, and de Waal (1988) provided a comparison of the gestural signalling of bonobos and chimpanzees. Like many of its predecessors, this comparison had its roots in the ethological tradition of cataloguing the different units of behaviour into comprehensive repertoires.
The first ethograms of the behaviour of mountain gorillas were also conducted in the second half of the last century (Fossey, 1974; Schaller, 1963 Schaller, , 1965 . They contained mainly communicative signals, such as species-typical displays (Fossey, 1974; Schaller, 1963 Schaller, , 1965 . In their compilation of gorilla ethograms, Ogden & Schildkraut (1991) mentioned a variety of auditory, tactile and visual gestures, and Parnell & Buchanan-Smith (2001) described a specific gesture, the splash display, for wild western lowland gorillas to intimidate other silverbacks. Fay (1989) observed hand-clapping behaviour in gorilla females, but the most detailed overview of gestures in captive gorillas was provided by Tanner & Byrne (1996 . In addition, Tanner (2004) also described gesture-phrases and sequences between two individuals in captivity.
In contrast to the African great ape species, substantially less is known about the gestural communication of the Asian apes. MacKinnon (1974; but see also, Rijksen, 1978) provided a repertoire of tactile and visual gestures of wild Bornean (Pongo pygmaeus) and Sumatran orangutans (P. abelii). Chivers (1974) , Ellefson (1967 Ellefson ( , 1974 and Palombit (1992) compared the communicative behavior of wild siamangs (Symphalangus syndactulus) and white-handed gibbons (Hylobates lar). In addition, Fox (1977) and Orgeldinger (1999) reported a number of different tactile and visual gestures 3 in captive siamangs and concluded that the siamang's repertoire is generally limited in comparison to that of great apes.
GESTURAL REPERTOIRES
Gestures can be organized as a function of their main sensory modalities: auditory, tactile and visual. Auditory gestures rely mainly on sound production (although they also have an important visual component), tactile gestures depend mainly on establishing physical contact with the recipient, and visual gestures rely solely on visual information.
Bonobos
Pika and colleagues (Pika, 2007a; Pika et al., 2005b ) studied the communicative behaviour of subadult bonobos (N ϭ 7) in two different groups in two zoos in Europe and found that they used 20 different distinct gestures (see Fig. 1 ). Visual gestures represented the most common sensory modality in bonobos (11 visual, 1 auditory, 8 tactile). VOLUME 28 ISSUE 2 120 FIRST LANGUAGE Chimpanzees Tomasello and colleagues (1985 Tomasello and colleagues ( , 1989 Tomasello and colleagues ( , 1994 Tomasello and colleagues ( , 1997b studied two groups of captive chimpanzees at the Yerkes Primate Research Center, Atlanta (USA) and found that subadult individuals used between 25 and 30 gestures depending on the study period (see also Liebal et al., 2004a) . Combining all gestures from all studies produced a total of 38 gestures (20 visual, 4 auditory, 14 tactile; see Fig. 1 ).
Gorillas
Pika and colleagues (Pika, 2007b; Pika et al., 2003) described the use of 33 different distinct gestures (16 visual, 6 auditory, 11 tactile) used by subadult gorillas (N ϭ 13) living in two groups in two different zoos in Europe (see Fig. 1 ).
Orangutans
Liebal and colleagues (Liebal, 2007a; Liebal et al., 2006) focused on the performance of gestures in two orangutan groups in two different zoos in Europe and found that subadults (N ϭ 7) used 26 different distinct gestures, with visual gestures being the most common sensual modality (12 tactile, 14 visual; see Fig. 1 ).
Siamangs
Liebal and colleagues (Liebal, 2007b; Liebal at al., 2004b) investigated the use of gestures in three family groups of siamangs in two different zoos in Europe and reported that subadult siamangs (N ϭ 7) use a gestural repertoire of 17 different distinct gestures, consisting only of tactile (10) and visual (7) signals; see Fig. 1 ).
Figure 1
Total number of gestures used by different apes, divided into the three main signal categories
DEVELOPMENT OF GESTURES
To investigate the development of communicatory signals in apes and to decide whether they qualify as intentional acts, researchers have used the developmental Piagetian and the preverbal communication perspective. Plooij (1978 Plooij ( , 1979 was the first researcher to study the ontogeny of communicatory signals in chimpanzees in the wild, using Speech Acts Theory (see Austin, 1962; Bates, Camaioni & Volterra, 1975) . He observed mother-infant dyads of chimpanzees in Gombe, Tanzania, and argued that, although the mother begins interpreting the baby's behaviour at birth, the neonatal chimpanzee does not perform any acts with a social-communicatory intention. At the age of 3-11 months, the chimpanzee infant starts to contribute to interactions with its mother by responding appropriately to her behaviours. However, only between the age of 9 and 12 1 /2 months does the chimpanzee infant start to initiate interactions with its mother by intentionally directing signals to her, e.g., by using gestures, such as initiating tickling, grooming and approach. In addition, only at this age does the chimpanzee infant start to understand its mother and conspecifics as social agents. This developmental stage therefore marks the onset of the use of protoimperative or imperative gestures (Bates et al., 1975 ; see definition on p. 126) and the developmental shift from perlocutionary to illocutionary acts. In perlocutionary acts the communication occurs only because the receiver is adept at interpreting the behaviour of the signaller, while in illocutionary acts the signaller directs its behaviour toward a recipient (Bates et al., 1975) . Tomasello et al. (1997b) investigated the development of the gestural repertoire in chimpanzees in captivity and found that the overall repertoire of one-year-old chimpanzees consisted of 12 different gestures and reached a peak of 19 gestures at 3 years of age. From this point on, the number of gestures remained stable, and some gestures were replaced by others, e.g., gestures for nursing disappeared, while gestures used for agonistic and sexual purposes became more prominent. Concerning gesture sequences of chimpanzees, Liebal et al. (2004a) showed that the length of the sequences decreased with age, with adults producing the shortest sequences and juveniles the longest sequences.
Focusing on the development of gestures in gorillas, Pika et al. (2003) found an increase in the mean number of gestures from 18.5 at the age of 3 to 24 at 4, whereas the number of gestures decreased to 20.6 gestures at the age of 5-6. This difference was not significant and Pika and colleagues argued that, due to the shortest infancy and juvenile stages of all apes (Bogin, 1999) , gorillas develop certain aspects of physical maturity and intellectual development at a younger age (e.g., Antinucci, 1990; Parker, Mitchell & Lyn Miles, 1999; Redshaw, 1978; Spinozzi & Natale, 1989) . Bard (1992) studied the communicative abilities of orangutan infants in the food-sharing context, focusing on a different aspect of development: the transition from bifocal behaviour to behavioural sequences. Bard (1992) distinguished between 'intentional behaviour' (bifocal behavioural sequences involving either objects or social agents; Case, 1985) and 'intentional communication' (behavioural sequences involving coordination between social agents and objects; e.g., Bretherton, McNew & Beeghly-Smith, 1981) . She showed that orangutans at the VOLUME 28 ISSUE 2
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FIRST LANGUAGE age of 1-6 months used intentional behaviours, whereas intentional communication was observed in older orangutans only, ranging from 2 1 /2 to 5 years of age. In intentional behaviour, individuals directed their action to the food, for instance, with a grasp coordinated with eating, or they directed their behaviour to the mother, for instance, by performing a pull on the mother's body and subsequently eating. In intentional communication, on the other hand, individuals solicited food from the mother by using one open, cupped hand, palm up, held underneath, but not necessarily touching, the mother's chin. In addition, Liebal (2007a) showed that the median number of gestures increased from 9 to 17 in one infant orangutan and from 9 to 16 in juvenile and subadult orangutans, and decreased in adults to 12 gestures.
Investigating the development of gestures in siamangs, Liebal et al. (2004b) reported that the gestural repertoire of siamang infants consisted of 8.5 gestures and reached a peak at the age of 4-5 years (11 gestures). From this point on, the number of gestures also seemed to remain quite stable, and some gestures were replaced by others.
LEARNING OF GESTURES
Focusing on learning processes, scientists distinguish between social and individual learning. Social learning can be defined as 'a group of learning mechanisms in which observation of other individuals facilitates or enables the acquisition of a novel behavior' (Call, 1999: 317) . Researchers tend to discriminate at least four main phenomena: social facilitation, local and stimulus enhancement, emulation, and imitation (for an overview see, e.g., Heyes, 1994; Whiten & Ham, 1992; Zentall, 2001 ). In contrast, in 'individual learning' two or more individuals independently acquire the same behaviour through encountering and being shaped by similar learning environments (Whiten & Ham, 1992) .
Observations of wild chimpanzee populations provide evidence for the existence of cultural variation among chimpanzee communities or unit-groups (Whiten et al., 2001) . Nishida (1980) , for instance, reported the use of the gesture leaf clipping in the Mahale K group, in Tanzania. In this gesture an individual takes 1-5 very stiff, dried leaves and strips them in its mouth, making a distinctive and fairly loud noise. The gesture was used in the sexual context, during play or frustration and was later also recorded in the chimpanzee community of Bossou, Guinea (Sugiyama, 1981) , and in the chimpanzee community of Taï, Ivory Coast (Boesch, 1995) . Interestingly, the individuals at Bossou use it mainly in the context of frustration or during play, whereas the males at Taï use it mainly as part of a drumming display. Another group-specific gesture used by chimpanzees in the wild is the grooming hand clasp. In this gesture two chimpanzees clasp both their right or both their left hands overhead, while parallel grooming each other with the other hand (McGrew & Tutin, 1978) . This gesture has been observed at the study sites Taï, Ivory Coast, Lopé in Gabon, Mahale in Tanzania, and Kibale in Uganda (for an overview, see Whiten et al., 2001) , and also recently in bonobos at the study site Lui Kotal, DRC (Fruth et al., 2006) .
In both these cases, social learning is likely to be involved -for instance, by local enhancement as individuals watch others groom under the armpits of receivers or FIRST LANGUAGE watch others clip leaves and receive attention. Further evidence for the possibility of some form of social learning or imitation in the genesis of gestures has been provided by studies on captive apes (e.g., Pika et al., 2005b) . Focusing on gorillas, Pika et al. (2003) described the use of the gestures armshake and chuck-up, which were used by multiple individuals within a particular group but were not used by the individuals in any other group. Tomasello et al. (1994) , studying the acquisition of gestures in chimpanzees in captivity, found no evidence for a social learning process. They suggested that the main learning process involved in the acquisition of gestures is an individual learning process called 'ontogenetic ritualization'. In ontogenetic ritualization, a communicatory signal is created by two individuals shaping each others' behaviour in repeated instances of an interaction (Tomasello & Call, 1997) .
The general form of this type of learning is:
• individual A performs behaviour X;
• individual B reacts consistently with behaviour Y;
• subsequently, B anticipates A's performance of X, on the basis of its initial step, by performing Y; and • subsequently, A anticipates B's anticipation and produces the initial step in a ritualized form (waiting for a response) in order to elicit Y.
This means that a behaviour which was not at first a communicative signal becomes one by virtue of the anticipations of the interactants over time (Tomasello & Call, 1997) . For example, touching is an important part of mother-infant interactions in gorillas to request drinking, and many individuals come to use a stylized reach-arm to indicate that they are about to touch the mother and drink (Pika et al., 2003) . In orangutans, infants suck on the mother's lips while she is eating to obtain food pieces from her (Bard, 1990) . Not until later, at an age of about 2.5 years (Bard, 1990) , do they start to produce gestures, such as approaching the mother's face to beg for food without actually touching her mouth (Liebal et al., 2006) . Another important comparison for understanding the processes involved in learning is the degree of commonality of the individuals within a single social group and between social groups, who have never been in contact with one another. High levels of concordance of gestural repertoires within a group and group-specific gestures would provide evidence for the existence of a social learning process, whereas individual differences that overshadow group differences (i.e., a lack of systematic group differences, idiosyncratic gestures) imply that an individual learning process is mainly involved. To assess the degree of commonality in the performance of gestures between and within groups of apes, Pika et al. (2005a) used Cohen's Kappa statistics, with an individual either agreeing or disagreeing on the performance of each gesture as compared with each other individual (cf. Tomasello et al., 1997b) . Interestingly, the within-group and between-group variability of all five ape species did not differ significantly in any species, suggesting that social learning, in the form of some kind of group-specific cultural transmission, is not the major learning process at work. Further support for this view was provided by the fact that all great ape groups had multiple individuals who used idiosyncratic gestures -used by single individuals only -presumably not learned from any other individual (but the siamangs had no idiosyncratic gestures). These gestures involved recurrent events in the ape's life (e.g., food, play), they were accompanied by the signaller's expectation to receive a response (indicated by response waiting), and they most often received a response in the form of an action or a responding gesture. These results imply that the idiosyncratic gestures resembled a relatively stable part of a particular youngster's gestural repertoire and were understood by receivers (Pika et al., 2003; Pika et al., 2005a) .
Furthermore, great apes seem to be able to copy gestures based on facilitation of pre-existing repertoire (Byrne & Tanner, 2006) . The first report stems from an experiment with a single home-reared chimpanzee (Hayes & Hayes, 1952) , using a so-called 'do-as-I-do' design: the individual is first trained to copy gestures that are demonstrated to her by the experimenter; then 'arbitrary gestures', not previously demonstrated, are introduced as a test of the ability to imitate. Custance et al. (1995) replicated the experiments with two nursery-reared chimpanzees and confirmed the basic phenomenon. In the report of Hayes & Hayes (1952) , sparse documentation of the results had made interpretation problematic, but Custance et al. (1995) asked two independent, naïve observers to judge after each demonstration which of 48 possible actions the behaviour of the chimpanzee most resembled. They found significant matching, although the chimpanzees' copy was often imperfect. In addition, the same set of stimuli were used with another ape species, a language-trained orangutan (Miles, 1986) . The orangutan received spoken commands in English and showed detectable but imperfect copying (Call, 2001 ). More recently, Byrne & Tanner (2006) reported a version of the do-as-I-do procedure with a nursery-reared gorilla. However, whereas previous experiments used reinforcement techniques to teach the procedure to the apes, the gorilla was not rewarded and copied the gestures spontaneously. This gorilla's gestural performance was very similar to that of the other great apes. However, note that none of the apes was raised by its natural mother, suggesting that a high orientation of behaviour towards humans may be essential to elicit this ability (Byrne & Tanner, 2006) .
Overall, the reviewed data therefore suggest that individual learning is the main learning process involved in the acquisition of gestures. But the possibility of some form of social learning in the genesis of special gestures cannot be denied.
REFERENTIAL USE OF GESTURES
So far we have looked at gestures in terms of gestural repertoires, development, commonalities and individual differences. One other important question is whether apes use gestures referentially, i.e., that they use them to attract the attention of others to some outside entity, for example, an event or an object. This aspect is of special importance because the recipient must infer the signaller's intended meaning, which might indicate some important skills in the ability to share attention with others (Camaioni, 1993; Tomasello, 1995) .
Referential gestures are always triadic, because they include a signaller, a recipient and a third entity or event. Although this 'third entity' mainly denotes an FIRST LANGUAGE outside entity (Bates, 1976) , it can also include an inside entity, e.g., referring to one's own nose. In addition, Bates et al. (1975) differentiated between protoimperative and protodeclaratives. Protoimperatives are defined as the child's preverbal intentional use of the listener as an agent or tool in achieving some end (e.g., to request an object). Protodeclaratives are defined as the child's preverbal effort to direct the adult's attention to some event or object in the world. This approach suggests continuity between preverbal and later verbal communication and is useful when focusing on human children whose gestures precede speech (Bates et al., 1979) . However, it is not coherent to use the term 'proto-' imperatives or declaratives in species who will never exhibit symbolic communication (Leavens, 2004; Leavens & Hopkins, 1998 ). I will therefore use the term imperative to refer to gestures being used to get another individual to help in attaining a physical goal, such as getting an object, playing, etc., and the term declarative to characterize those gestures which are used to attain a non-physical goal, namely to draw another's attention to an object or entity merely for the sake of sharing attention.
Referential gestures, such as imperative pointing, have been reported for captive chimpanzees interacting with their human experimenters (Leavens, Hopkins & Bard, 1996; Leavens, Hopkins & Thomas, 2004) . This ability was discovered by accident while testing a chimpanzee on a matching-to-sample task, in which correct responses resulted in the delivery of a food reward by a feeder to a tube connected to the cage mesh (Leavens et al., 1996) . Occasionally, a food reward would overshoot the pipe and land on the floor outside the cage. One day, the chimpanzee Clint was observed to repetitively vocalize, point with his index finger (sticking his index finger through the cage mesh), and alternate his gaze between a fallen food reward and the experimenter. This observation led to controlled experiments, which clearly showed that chimpanzees use intentionally-produced pointing gestures to request food (e.g., Leavens & Hopkins, 1999) . Further evidence for imperative pointing has been provided by human-raised individuals, who were first trained in some kind of communication with humans that involved close-range pointing (e.g., Gardner & Gardner, 1969; Krause & Fouts, 1997; Miles, 1990; Patterson, 1978a; Savage-Rumbaugh et al., 1986; Woodruff & Premack, 1979) . In all cases, however, the apes then began spontaneously to point for humans in more flexible ways, e.g. to more distant objects they wished to have or to locations that they wished to visit, or even in a declarative way to share attention (see Miles, 1990 Miles, , 1999 .
Focusing on the use of pointing gestures of individuals in populations in the wild, anecdotal observations indicate that chimpanzees of the Bossou community in Guinea, where animals use stones in a hammer and anvil fashion to crack oil-palm nuts, have been observed to point to a stone (once) and to nuts (nine times) (Inoue-Nakamura & Matsuzawa, 1997). Interestingly, a report by Vea & Sabater-Pi (1998) provided the only anecdotal evidence for the use of a declarative pointing gesture by a bonobo male in the wild: he was sitting in a tree and pointed to the position of two groups of human observers, who tried to hide in nearby undergrowth. He alternated his gaze between his group members and the humans then repeated the pointing gesture twice while emitting vocalizations. Considerable debate continues about whether apes point in a referential way, and it remains unclear whether pointing represents a natural communication ability or is simply a by-product of living in a human encultured environment (Tomasello & Call, 1997) . Patterson (1978b) , Savage-Rumbaugh (1988) and Savage-Rumbaugh, Rumbaugh & McDonald (1985) described the use of a declarative gesture: the gesture 'showing' in one human-raised gorilla, and in one human-raised bonobo. It should be noted, however, that in all cases interpretation is an issue and that the declarativeness might only exist in the eyes of the human beholder. In addition, Savage-Rumbaugh and colleagues (Savage & Bakeman, 1978; Savage-Rumbaugh et al., 1977) and Tanner & Byrne (1996) reported the use of several gestures that they consider iconic uses of gestures. Iconic gestures are related to their referent by virtue of some actual physical resemblance between the two (Bates, Benigni, Bretherton, Camaioni & Volterra, 1979) , such as a desired motion in space or the form of an action. One male bonobo and one male gorilla seemed to signal with their hand, arm or head to a playmate the direction in which he wanted her to move, the action he wanted her to perform, or the position he wanted her to take. Roth (1995) and Pika et al. (2003) tried to find evidence to support these findings by studying three groups of bonobos and two groups of gorillas in captivity, but did not observe any instances of the iconic use of gestures. There might be several explanations: (a) the iconicity existed in the eyes of the human observers only (Tomasello & Call, 1997) and did not fulfil a function for the sender and the recipient; (b) the analyses of Roth (1995) and Pika et al. (2003) did not focus in sufficient detail on the receiver's response to detect gestures of an iconic nature; or (c) gesturing of an iconic nature represents a developmental phenomenon and appears only at adolescence, promoted by special social and physical conditions (Tanner & Byrne, 1999) .
In a recent paper, Pika & Mitani (2006) describe the first observation of a widespread use of an indicative gesture by chimpanzees in the wild. The so-called directed scratch gesture was observed between adult males of the Ngogo community, Kibale National Park, Uganda. It involved one male chimpanzee making a relatively loud and/or exaggerated scratching movement on a part of his body, which could be seen by his grooming partner (see Fig. 2 ). In the majority of the observed cases the grooming individual immediately stopped grooming and started to groom the indicated spot. Pika & Mitani (2006) therefore suggest that: (1) the gesture may be used communicatively to indicate a precise spot on the body and to depict a desired future action, namely grooming, and (2) the recipient of the signal has an understanding of the intended meaning of the gesture. They concluded that directed scratches therefore may qualify as referential.
In sum, the evidence provided shows that apes use referential gestures, such as imperative pointing, or declarative gestures with human experimenters or caretakers. In addition, apes use imperative, referential gestures in their natural communication with conspecifics.
SIMILARITIES AND DIFFERENCES BETWEEN THE GESTURES OF APES AND PRE-OR JUST-LINGUISTIC HUMAN INFANTS
The studies reviewed above provide evidence that apes develop multifaceted gestural repertoires and, similar to human children, they use their gestures as intentional acts. The majority of their intentional gestures are dyadic, i.e., used to attract FIRST LANGUAGE the attention of others to the self, not triadic, to attract the attention of others to some outside entity. Exceptions are the gestures directed scratch (Pika & Mitani, 2006) , food begging (i.e., an animal holds out the hand, palm up to obtain food from another; for chimpanzees, see Tomasello et al., 1994 ; for orangutans, see Bard, 1992) , food offer (an animal offers food placed on her arm to another one; Liebal et al., 2006) and pointing. These gestures are clearly triadic -a request to another for grooming or food, or an offer of food to another.
Human children, however, gesture from their very first attempts at gestural communication before language, using both dyadic and triadic gestures (Carpenter et al., 1998) , but a quantitative comparison between the gestural performance of apes and pre-linguistic children has not yet been made. Such an approach could clarify in much more detail the role different types of gestures play in the communication of apes and of pre-linguistic children.
Concerning the type of gestures produced, researchers of pre-linguistic communication distinguish between ritualizations, deictics and symbolic gestures (Lock, 1978 ; for more detailed categorization, see also: Acredelo & Goodwyn, 1988; Iverson, Capirci & Caselli, 1994; Pizzuto, Cameracann, Corazza & Volterra, 1994) . Apes perform ritualizations, in which the signaller uses an effective behaviour for a request. For instance, apes often use a stylized arm-raise to initiate play, ritualized from actual acts of play hitting in the context of rough-and-tumble play. In addition, many youngsters ritualize signals for asking the mother to lower her back so that they can climb on, for example, a brief touch on the top of the rear end, ritualized from occasions on which they pushed her rear end down mechanically. Human children often use similar gestures, such as raising their arms to be picked up. Ontogenetic ritualization seems to be the learning process involved, which does not involve understanding of communicative intentions or cultural (imitative) learning of any sort. Thus, it does not create a shared communicative symbol (Tomasello, 2003) .
The second type of gestures, deictics, involves a signaller, a recipient and some outside entity, and typically begins in human children around the age of 10 months. Although a third entity is involved, the use of deictics does not automatically imply that the human infant is using them in order to share attention with the adult on that third entity. For example, Moore & D'Etremont (2001) showed that many infants use arm and index finger extension to orient their own attention to things. Thus, pointing is for some infants just another ritualization and they produce the signal although they still do not understand the function of it (Carpenter et al., 1998; Franco & Butterworth, 1996) . The reverse dissociation also exists in which infants visually follow adult pointing but do not themselves produce the gesture (Carpenter et al., 1998; Franco & Butterworth, 1996) . Therefore, infants who learn to point via ritualization understand their pointing simply as a procedure to achieve a certain goal and not as a mutually understood communicative symbol to share attention. However, if infants learn to point via imitation, they are learning by understanding an adult's communicative intention in using the gesture first and then engaging in role reversal imitation to use the gesture her/himself when s/he has 'the same' communicative intention. To date, there has been no systematic research investigating which learning process is involved in the acquisition of deictics or if infants use individual learning strategies.
Substantially more studies have been made on the motives of pointing. Researchers differentiate three main motivations:
1. Pointing for imperative purposes, e.g., to request an object which is out of reach; Bates et al., 1975. 2 . Pointing for declarative purposes, e.g., holding up an object and showing it; Bates et al., 1975. 3 . Pointing to inform another person, e.g., of the location of an object; Liszkowski, 2005. Imperative pointing requires only conceiving the other person as an animate 'agent' of action and is used simply to influence the other's behaviour. Declarative pointing, on the other hand, has been defined as a means to obtain adult's attention ('laughter, comment, smiles and eye contact -which we have termed "attention"'; Bates et al., 1975: 216) . However, note that the most recent formulations of imperative and declarative communication define these modes of communication by reference to underlying psychological processes, or mental states (Liszkowski, Carpenter, Henning, Striano & Tomasello, 2004; Tomasello, 1995; .
FIRST LANGUAGE
In informative pointing, the providing of information is not to engage mutually about an event or referent but, instead, mainly to benefit the other person (Liszkowski, Carpenter, Striano & Tomasello, 2006) . Informative pointing therefore reflects sensitivity to others as agents with informational states . Some gestures of great apes such as pointing are clearly deictic, and some gestures such as food offer, food-begging and directed scratches seem to bear some resemblance to deictics: food offer and food-begging are clearly triadic, somehow distal (because the signaller is not touching the recipient) and are used to point out something specific. In addition, the gesture directed scratch clearly involves some form of reference, but this reference is, in contrast to the other examples, self-directed. Overall, however, all these gestures are used as effective procedures to achieve a certain goal, but examples of apes using declarative or informative deictics in their natural communication are so far unknown.
The third gesture type are symbolic gestures that are either associated with a referent metonymically (the gesture refers to an element or attribute of something to mean the thing itself) or iconically (Acredelo & Goodwyn, 1988; Pizzuto & Volterra, 2000) . Examples for human children are sniffing for a flower, panting for a dog, holding arms out for an airplane, raising arms for big things, and blowing for hot things. There is no research so far investigating whether symbolic gestures are acquired via ritualization or via imitation (Lock, 1978) . However, it seems much more likely that in most cases infants are learning these symbolic gestures via imitative learning.
On the surface there seems to be no example of apes' gestures that bear some resemblance to symbolic gestures. Nevertheless, group specific gestures such as leaf clipping (Nishida, 1980) , the grooming hand clasp (McGrew & Tutin, 1978) , somersault (Pika et al., 2005b) and armshake (Pika et al., 2003) suggest that social learning, in the form of some kind of group-specific cultural transmission is involved. Furthermore, directed scratches used by chimpanzees in the wild provide evidence that (a) chimpanzees have an understanding of the intended meaning of the gestures, and (b) signallers might be able to signal the action they want a receiver to do. It is therefore possible that they constitute the first step towards symbolic gestures.
Interestingly, although the most recent studies on gestural communication in apes were inspired by the study of gestural communication in human children, there is one intriguing difference in approaches to this topic: researchers investigating gestural signals in apes include those gestures which incorporate the use of objects, for instance, move (Pika et al., 2003) , object shake (Liebal, 2007a; Liebal, 2007b; Pika et al., 2003) , present object (Liebal, 2007a) , straw wave (Pika et al., 2003) , wave object (Pika et al., 2005b; Tomasello et al., 1985) . Moreover, some of the gestures described, incorporate repeated movements on objects or on the ape's own body, such as the gestures chest beat, body beat, slap ground and object drum (Pika et al., 2003) . In contrast, researchers working on gestures of human children focus mainly on gestures that are performed in space (Bates et al., 1975; Capirci, Montanari & Volterra, 1998; Nicoladis et al., 1999) and may only in specific cases include touching an object (e.g., pointing by touching the referent; Iverson et al., 1994) . Research on gestures in human children is therefore biased towards so-called 'empty-handed' gestures (Petitto, 1988) . Many studies exclude gestures that are performed on objects or gestures with an object-referent in hand, denoting them as functional object use play or meaningful action (e.g., Acredelo & Goodwyn, 1988; GoldinMeadow & Morford, 1990; Guidetti, 2002; Iverson & Goldin-Meadow, 2005) . However, Iverson et al. (1994) correctly noted that this exclusion procedure leads to an underestimation of the production of gestures. They suggest that in order to employ comparable criteria for communicative gestures, gestures incorporating objects should be included if they appear to be truly communicative (which means they have to be accompanied by eye contact, vocalization, or other clear evidence of an effort to direct the attention of another person present in the room; Thal & Tobias, 1992) . Similarly, Capirci, Contaldo, Caselli & Volterra (2005: 162) note that 'actions and gestures produced in a communicative context are not clearly separate categories. Rather they should be considered a continuum and even adults can produce gestures with an object in hand for communicative purposes. ' Overall, the crucial difference between gestures of apes and of pre-and justlinguistic human children seems to be the obvious focusing on the function of gestures. In their natural communication, apes mainly use imperative gestures to communicate with their conspecifics, while all examples of declarative gesturing are from apes interacting with their caretakers or from human-raised or languagetrained individuals (see also Leavens et al., 2004) . Human children gesture for imperative purposes but also, from very early on, for declarative purposes to direct the attention of others to some third entity, simply for the sake of sharing interest in it or commenting on it (Bates et al., 1975; Liszkowski et al., 2004) , and later for informative purposes (Liszkowski, 2005) . These abilities seem to be unique for human beings and might have triggered the onset of symbolic communication, i.e., language. It is therefore quite puzzling why only human beings comment on outside entities simply to share experiences. One possibility is that this behaviour is linked with the cognitive ability that enables humans to understand other persons as intentional agents with whom they may share experience (Tomasello, Carpenter, Call, Behne & Moll, 2005) . This propensity derived from the need to create a new medium for social bonding triggered by an increase of group size, superseding grooming as a servicing tool for social relationships (Dunbar, 1996; Pika, in press ). During grooming the social relationships of (mainly) two individuals can be established and serviced at the same time, but the medium of declarative gestures offers two key features, which make communication in larger groups more efficient. First, it is possible to gesture to several people at the same time, thereby increasing the rate at which signallers interact with recipients. Second, gesturing about third entities allows the exchange of information about evolutionary urgent (e.g., predators, food) and other relevant things in the world, thereby creating a wider network of individuals and relevant facts than is possible for monkeys and apes.
CONCLUSION
Many human gestures are used functionally in ways very similar to language. They are, in their essence, individually learned and intersubjectively shared social conventions used to direct the attentional and mental states of others to outside FIRST LANGUAGE entities referentially (Pika et al., 2005a) . Apes also gesture on a regular basis in their natural communication but use these communicative means mainly as effective procedures in dyadic interactions to request actions from others. However, many of these gestures are used intentionally and are clearly learned. Thus, this review provides further support for the hypothesis that the gestural modality of our closest living relatives might have been the crucial modality within which the evolutionary precursors of symbolic communication evolved. Future studies, comparing the communicative skills of humans and apes in natural settings and the cognitive capacities that are thus demonstrated will, it is hoped, shed further light on the skills that were available during the dawn of language.
